Josephson plasma resonance has been studied in a wide microwave frequency range between 10 and 52 GHz in a magnetic field parallel to the ab- 
I. INTRODUCTION
It has been well established that a sharp microwave absorption can be observed in high temperature superconductors with a strong superconducting anisotropy such as Bi 2 Sr 2 CaCu 2 O 8+δ
1 . The phenomenon itself manifests the existence of plasma oscillation of the weak superconducting current through a stuck of seriesly connected intrinsic Josephson junctions associated with the layer structure of the material. The Josephson plasma frequecny can well be described as
where ǫ is the dielectric constant at high frequencies of the mateiral, γ is the anisotropy parameter and λ ab,c (=(cφ 0 /8π 2 {j ab , j c }s) 1/2 =(hc 2 /16π 2 e{j ab , j c }s) 1/2 ) denotes the penetration depths for the ab-plane and for the c-axis. j ab and j c (=j J ) mean the critical current for the ab-plane and the Josephson critical current for the c-axis, respectively, s the interlayer distance between two adjacent superconducting layers and φ 0 =hc/2e the flux quantum.
This is essentially identical with the case of single junction worked out by Anderson 3 and
Josephson 4 , and later Lawrence and Doniach 5 .
In magnetic fields above H c1 the vortices penetrate through the superconducting material and induce the relative shift of the gauge invariant phase ϕ of the superconducting order parameter between two adjacent layers. The phase shift is apparently caused by the Josephson current flow which depends on how vortices are arranged between two adjacent layers. When magnetic field is applied perpendicularly to the layers (c-axis) the plasma frequency ω p (H, T ) can be expressed as
where
means the gauge invariant phase difference between n-th and n + GHz, which will be shown later more clearly in Fig. 4 . Since a larger gap in temperature is found at higher frequencies and the LT mode shifts quickly to lower temperatures as the frequency is icreased, the LT mode cannot be observed above about 35 GHz in this underdoped sample. As will clearly be seen later in Fig. 4 , both LT and HT resonances merge together below 10 GHz.
Secondly, the HT mode at a fixed temperature has two resonances as a function of magnetic fields. This feature has never been observed in the previous studies both in parallel to the c-axis and in tilted fields. Furthermore, the higher field resonance of the HT mode once tends to decrease but above about 0.8 kOe it turns to shift to a higher temperature side with increasing field. It does not shift back to zero field, exhibiting a strong contrast with the Josephson plasma resonance for the case in fields parallel to the c-axis. It is surprizing that the higher field resonance of the HT mode is stable even in temperatures where the zero field plasma resonance has already disappeared. This fact strongly suggests that the higher field resonance of the HT mode has higher plasma energy than ω p (0, T ) in zero field.
Acording to Bulaevskii et. al. On the contrary to this HT mode, the LT mode shows a considerable hysteresis effect of the resonance position, the intensities as well as the resonance width on magnetic field sweeping conditions as seen in Fig. 1 . This hysteresis effect becomes large especially below 25 K, suggesting existence of the different pinning state at low temperatures. This implies that the resonance occurs in non-equilibrium states of Josephson vortices during sweeping magnetic field.
In order to avoid the hysterisis behavior ovserved in the field sweep measurements the tempreature sweep mode is operated at a fixed magnetic field, whcih is applied above T c . Figure 2 shows an example of the case for 25.5 and 30.1 GHz. The HT mode shifts from zero field resonance towards low temperatures in a finite field below about 0.8 kOe, but above this field it is surprising that it turns over towards higher temperatures. Although the intensity of the resonance after the turn-over becomes fainter and fainter, it is clearly seen that the resonance is sharp and it goes beyond the temperature where the zero field plasma resonance was observed. There is no resonance observed in-between the HT and LT resonances in this temperature sweep mode. As seen in Fig. 2 , the LT mode is broad in temperature and shifts to lower temperatures in higher magnetic fields.
These overall behavior at 30.1 GHz is summerized in Fig. 3 , where the results obtained from both field and temperature sweep measurments are plotted together. In the temperature gap region between LT and HT modes a faint absorption observed only in the field sweep measurements were also included. In the previous study 19 sudden disappearance as well as entire absence of the plasma resonance were reported. However, it is apparent from the present results that the reason of disappearance of the resonance is due to the temperature gap existing in-between LT and HT modes, which expands quickly as a function of frequency as disclosed in Fig. 3 . Therefore, at certain frequencies and temperature regions the resonance cannot be observed. We further comment on the resonance below about 25 K.
It was not possible to find any meaningful absorption in the field sweep mode measurement because of broadening of the absorption as well as quick shift of the resonance field to zero.
Therefore, we could not confirm the results by Tsui et. al.
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In Fig. 4 , the resonance field-temperature diagram similar to Fig. 3 is presented at seven different frequencies 9.80, 18.8, 25.5, 30.1, 34.5, 44.2 and 52.3 GHz. As seen in Fig. 4 the gap between LT and HT modes rapidly grows at higher frequencies. The LT resonance is no longer seen above about 30 GHz due to this fact. On the contrary to this, the HT mode tends to converge at about 3 kOe after the turn-over and disappears in higher fields. Although the Josephson plasma resonance at zero field nicely obeys the temperature dependence as described previously 26 , the fact shown above indicates that the higher field resonance of the The frequency-field diagram is summerized in Fig. 5 . It is clearly seen the existence of two resonance modes: the LT mode frequency is suppressed by magnetic field, whereas the HT mode turns over at about 0.8 kOe then it goes up to higher frequencies. We note that in the low field region below 0.5 kOe the LT mode tends to shift to zero frequencies as indicated by the extrapolated lines in Fig. 5 , indicating a gapless feature of the LT mode.
Furthermore, the fact that this LT mode is only observable in fields suggests that the LT mode is related to the existence of the Josephson vortices in the system. At higher fields the LT mode monotonically decreases with increasing magnetic field. On the other hand, the field dependence of the HT mode cannot be understood by the presently available models for the Josephson plasma resonance in which a reduction of the Josephson current in magnetic fields simply is considered in reducing the resonance frequencies.
In order to better understand the unusual behabior of HT mode described above in Considering such a complicated phases in parallel magnetic fields it is furthermore expected that the plasma dispersion relation can be modified strongly from the one for the case of fields parallel to the c-axis by the periodic arrangement of Josephson vortices in-between superconducting layers in such a way that due to the periodic array of Josephson vortices it can be reduced at the zone boundary, resulting in the multi-band scheme similar to the electron bands in solids. In our experiemental conditions the plasma excited by microwave frequencies must be k ∼ 0. Nevertheless, it may be possible to excite plasma with finite ±k, leaving ∓k behind with an aid of a reciprocal vector G/2=k of the Josephson lattice.
If this mechanism works efficiently, the higher field resonance may correspond to the higher energy modes associated with the occurence of multiple plasma bands due to the periodic array of the Josephson vorices.
IV. CONCLUSION
We have studied Josephson plasma resonance in under-doped single crystalline 
